In the G2 line of peas (Pisum sativum L.) senescence and death of the apical bud occurs only in long days (LD) in the presence of fruits. Removal of the fruits prevents apical senescence. One possible reason for the senescence-inducing effect of fruit is that the fruits produce a senescenceinducing factor which moves to the apical bud and is responsible for the effect. For this to be possible there must be a transport mechanism by which material may move from the pods to the apex. To examine the extent of fruit export, pods were labeled via photoassimilation of 14CO2 beginning 12 days after anthesis. Under LD conditions, 1.14% of label fixed was transported from the pods with only 10.5% of this found in the apical bud and youngest leaves after 48 hours, the remainder being found principally in other developing fruits and mature leaves. During the onset of apical senescence, less total label was actually exported to the apical bud than at other times. In addition, more total export occurred from pods in short days than in LD, with the apical bud receiving a greater percentage than in LD. Thus the amount and distribution of export would not seem to support the idea of specific export of targeted senescencepromoting compounds. Girdling of the fruit peduncle did not change the characteristics of export suggesting movement via an apoplastic xylem pathway.
The reproductive structures of most legume crop species are the ultimate sink for a large portion of the minerals and assimilates transported in the plant. The strength of this sink activity is the major factor determining the harvestable yield of the plant (7) . As a result, virtually all of the literature tracing the movement of materials during fruit development has concentrated on flow into the fruit, with the developing reproductive structures often viewed as passive metabolic sinks. There is, however, a large body of work detailing the ways in which the presence of reproductive structures can influence many physiological processes of the plant, including control of leaf photosynthesis (4, 20, 29) , development of axillary buds (26) , development of other fruits (19, 27) , and leaf and whole plant senescence (16, 21, 25) .
While most of the effects of these reproductive sinks can be attributed to the removal or alteration of translocated nutrients and/or plant growth substances, it has been postulated that the sinks may themselves be sources of regulatory substances responsible for these effects (6, 22) . For this to be possible there must be a mechanism by which fruit-or seed-produced compounds can move from their source to the target tissue. The three possible pathways for export out of the fruit and through I Supported by Grant No. PCM821659 from the National Science Foundation. 2 Present address: Department of Biology, State University of New York, Albany, NY 12222. the fruit stalk are via phloem, xylem, or cell-to-cell movement. Transport by any of these pathways would be expected to be counter to the predominant flow of material towards the developing fruit. However, several workers have shown the existence of substances translocated out of developing fruits, apparently against the flow of nutrients (1, 2, 9, 12, 18) .
It has recently been shown that the developing fruits of the G2 genetic line of peas export several organic materials which move to other parts of the plant (6) . The movement of these compounds was examined in relation to the photoperiodically sensitive induction of apical senescence of the G2 line and the possible production and export of a fruit produced 'senescence factor.' Exported substances were detected by labeling the photosynthetic pods with 14CO2 or '4C-labeled sucrose and monitoring the movement of the resulting radioactive metabolites. After 2 to 3 d the bulk of the radioactivity was recovered from plant metabolic sinks (other pods and the developing shoot tip). This pattern of recovery suggested that transport occurred via the phloem.
The present study was undertaken with the purpose of quantifying the export of organic material from the developing G2 pea pods, in relation to the known onset of irreversible fruitinduced apical senescence, in order to ascertain whether the data support or oppose the concept that senescence of the apex could be caused by fruit-exported substances. Knowledge of the patterns of pod export should also aid the goal of maximizing the recoverable quantities to use for identification of possible senescence-inducing compounds. In addition, it was hoped that the data might elucidate the mechanism of observed export from the developing G2 pea pods.
MATERIALS AND METHODS Plant Material. Pea plants (Pisum sativum L. line G2) were grown singly in 4.0 L clay or plastic pots filled with peat and vermiculite (1:1 v/v) in a greenhouse at about 20°C. Nodules formed under these growth conditions. Plants were watered daily after germination and were supplied weekly with a complete nutrient solution (20:20:20) until transfer to growth chambers 2 weeks after germination. Growth chambers were maintained at either 18 h light/6 h dark (LD)3 or 9 h light/15 h dark (SD) photoperiod. Temperatures were 19°C during the light period and 17°C during the dark. Lighting was provided by a mixture of F72T12 cool-white fluorescent (Sylvania, Danvers, MA) and incandescent lamps giving an average intensity of 250 ,uE m-2 s-1 at pot level. Plants were watered daily with a dilute complete nutrient solution. Lateral branches and second fruits at a node were routinely removed unless noted. The lowest pod on the plant was treated at 12 d after anthesis (fully elongated, onethird full) unless otherwise specified. At this time the pod was located at the seventh node from the apical bud in LD-grown labeling and the radioactivity exported to nontreated pods and the apical bud was determined (Fig. 2) . As expected, the total amount fixed by all treated pods stayed constant. The amount exported to the apical bud reached a pleateau very quickly and did not increase significantly over time, in a pattern similar to the previous experiment. The amount exported to the nonlabeled pods continued to increase over time, even though no additional label was added to the plant. The rapidity with which the label appeared in other parts of the plant suggested that we try even shorter labeling times. It was found that even a 10 min labeling period before harvest allowed recovery of 14C-compounds transported to other parts of the plant (Fig. 3) .
The increase with time of recoverable radioactivity from the untreated pods could arise either by preferential export from the labeled pod (the amount in the apical bud did not significantly increase), or by remobilization of label from some other initial sink, possibly the leaves. To examine the possibility of export to parts of the plant other than sinks, all parts were harvested 42 h after a 6 h labeling period and distribution of 14C in the plant was determined ( (Fig. 4A) . Total export to other pods and the apical bud was initially low (d 6-14) but increased to a maximum around d [20] [21] [22] (Fig. 4B) . The percent of the exported label which went specifically to the apical bud declined steadily throughout the treatment period (Fig. 4C) .
Percentage of Export Partitioning into Ethyl Acetate. Earlier work had suggested that the fraction of labeled material recovered from apical buds which partitioned into ethyl acetate was higher when exported from younger labeled pods (TJ Gianfagna, personal communication). To examine this, pods of ages 6 to 16 d after anthesis were labeled and the other pods and apical bud were extracted as described. It was found that the percentage of label moving into the acidic ethyl acetate fraction peaked at around 37% on d 8 to 10 in the extracted apical buds (Fig. 5) . Label recovered from the pods mostly remained in the aqueous fraction with less than 6% partitioning into the ethyl acetate fraction.
Girdling Experinents. Peduncles of pods to be treated wereheat-girdled as described and then the pods treated with '4CO0 as usual. It was found that heat-girdling had little effect on the amount or distribution of label throughout the plant (Table I) . To determine if the bag we used for labeling produced an artificial atmosphere which resulted in artifactual export of material in the xylem, '4C-sucrose was applied to the surface of the pod without a surrounding bag. Export of the pod, this lack of complete fixation of all th the treatment atmosphere suggests dilution of the pired CO2 especially during the early and late p development. Another possibility is ineffective p arising from inadequate lighting of the pod during perhaps from closure of carpel stomata by elevatl in the chambers; however, Harvey et al. (8) found nf by carpels increased at higher CO2 concentrations. have been shown to have net rates of atmospheric c; much less than those of leaves (8) , especially du high reassimilation of respired CO2. Thus, decrea lution might explain the increased fixation noted i ments during the period 14 to 22 d after anthesis.
When various treatment times with a single amoi 14CO2 were tested, the amount of '4C fixed increa 6 h, at which time about 75% of the '4CO2 had be the fixation and loss of 14CO2 must have come into amount of radioactivity in the other pods to whic exported rose initially rapidly and then more slow 
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However, the amount of 14C in the apical bud rose significantly for only about 30 min, and thereafter rose only slightly. It is possible that the loss of 14CO2, resulting from rapid metabolism in the developing tissues of the apical bud, comes into equilibrium with the small supply of '4C-labeled materials faster than occurs in the other pods, which have a more self-contained carbon economy. PORT
In the G2 genetic line of peas, senescence and death of the CAL BUD apex require both LD and the presence of seeds (25) , and it has been postulated that a senescence factor produced by the fruits of these plants might be responsible for this phenomenon (6) . Earlier studies of the onset of senescence in G2 pea have shown that apical senescence symptoms appear about 11 (15, 24) , minerals (19, 30) , or water (11, 23, 28) delivered to the seeds might be returned to the parent plant via the xylem. The most recent of these studies (23) has employed the application of 3H2O to a developing legume (Vigna unguiculata) fruit and noted the export of radioactivity back into the fruit peduncle. Similarly, feeding of the apoplast-mobile dye acid fuschin to the cut distal end of fruits showed movement out of the pod into the peduncle, and in some cases into the subtending leaf.
One possible mechanism suggested for reverse flow in the legume fruit peduncles is that an excess of water delivered to the fruit via the phloem presumably produces a small positive reverse pressure on the xylem (23) . However, this would be in contradiction with the results of the girdling experiments presented here and by Bennett et al. (2) . Girdling of the peduncle should terminate water delivery by the phloem and any positive pressure formed in the xylem should dissipate quickly. Thus, this mechanism cannot account for results indicating continued export from 2 h (this report) to 16 h (2) after girdling.
Another possible explanation might be found in the work of Klepper (13) . In this study of diurnal shrinkage in the pear fruit she concluded that water loss (as measured by fruit shrinkage) correlated to the midday period when the water potential of the transpiring leaves fell far below that of the fruit. Thus, the driving force for the movement of water out of fruits appeared to be the water potential difference between the leaves and fruits during periods of heavy foliar transpiration. Diurnal shrinkage and water loss have been shown for a variety of fruit (14) and could represent a plausible mechanism bv which materials could leave fruits via the xylem. This type of mass flow in the xylem would be nonselective, but would account for the results presented in this paper, and could deliver metabolically significant amounts of materials to other parts of the plant. Research to determine if this might be the mechanism accounting for the export observed from G2 pea pods is reported in the following paper.
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